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Abstract
The hypothetic R{resonance production (anomalous "l

l" events at LEP) with 60 GeV
mass at FNAL hadron collider has been considered. The cross-section of this R-resonance
production with the consequent decay R !  is obtained. Various distributions of
leptons and photons in the process pp ! l

l R (! )X are calculated.
INTRODUCTION






f with the invariant mass of the two photons
near 60 GeV were found from the statistics collected by the four LEP experiments [1,2,3,4]








, 1 { in qq, 1 { in  channels, respectively [11]).
Recent calculations [5,6,7,8] have shown that the Standard Model processes are un-
likely to explain the observed accumulation of the events in a narrow M

band near 60
GeV. Other feasible models (including some common extensions of the Standard Model)
also experience considerable diculties in giving a plausible interpretation of these events
(see, for example, [9])
In [10, 11] an attempt to account for these events was made by assuming the existence
of a scalar (pseudoscalar) resonance R, coupling photons and Z
0
-bosons only, with its
mass close to 60 GeV. In these papers such a model was shown not to provide a neat
explanation of the (possibly observed) phenomenon, its free parameters being eectively
restricted by the requirement of the consistency of the model with other experimental
data. Nevertheless, presently available low statistics doesn't let us dismiss it condently
and from the phenomenological point of view it appears interesting to nd out if other
experiments can add something to the limits obtained at LEP. Before the advent of new
machines (LEP 200, LHC, NLC, etc.) the hadron collider at FNAL is the most suitable
place for such investigations.
In this paper we analyse the implications of the existence of the hypothetical resonance
for the physics accessible for center-of-mass energy and luminosity at the FNAL hadron
collider. The present{day CDF and D0 detectors [13] allow one to collect some evidence
for or against the existence of such resonance.
The paper is organized as follows. Section 1 describes the phenomenological model
of resonance interactions with photons and Z{bosons. In Section 2 we discuss possible
manifestations of the resonance in pp collisions and present calculations results. The
results obtained are summarised in Conclusion.
1 THE PHENOMENOLOGICAL MODEL.
As has been already mentioned in Introduction we assume the existence of a narrow scalar




Proceeding from the requirement of the Lorentz and gauge invariance, the most general






















































































































































are momenta of two




) is photon (Z
0
-boson) polarization vector. The
factor 1=M
R
is introduced to render the coupling constants dimensionless.
In [10,11] a number of experiments has been analysed, in which hypothetic resonance
R can decay into . As a consequence the following bounds on the couplings (in fact,
on the values g 
q
Br(R! ), see [10,11]) are obtained:
g












 0:220  0:1; jg
zz2
j  0:571  1:1; g
zz3
' 0  1:6: (1)
The processes of R production followed by the photon pair decay are considered. Thus
all cross-sections will also depend on the couplings, multiplied by
q
Br(R! ).
2 CROSS-SECTION OF THE R{RESONANCE
PRODUCTION
In this Section we consider the R{resonance production in the pp{collisions at the FNAL
hadron collider (
p
s = 1:8 TeV). In the frames of the considered model (see Section 1),











l R (! ) (2)



















) decay to the qq{pair




) ! qq R (! )) will be dominant. However, the existing
QCD background in this channel essentially exceeds the signal. Thus we limit ourselves










pp !  RX !  X (4)



















































) are quark structure functions from [12], the evolution parameter Q
2
is












Here we must note that the phenomenological model introduced in the previous Sec-
tion, being an eective one, eventually violates unitarity, but the smallness of the couplings


















Table 1. The cuts used in the calculations.





 X), pb 0.076 0.068 0.067 0.065 0.062 0.061 0.060
(pp!  X), pb 0.42 0.39 0.35
Table 2. The cross sections of process (2).
(and, probably, the greatness of the scale of the new physics possibly involved) pushes up
the unitary limit to energies as high as tens of TeV. Thus, the model is still working at
the FNAL collider energies.
Furthermore, to ensure good experimental eciency we require that the photons be
detected in the central  interval and that they have sucient P
t
, which compensates for
the lepton pair. The set of cuts on the phase space of nal particles, that we applied
integrating (4), is summarized in Table 1 (naturally, only the nal photons cuts were used
in the  analysis).
The total cross-sections of processes (2) and (3) (kinematical cuts from Table 1 are
taken into account) are presented in Table 2.
One can expect about 10 events in process (2) and about 40 events in process (3) for
the total integrated luminosity
R
Ldt = 100 pb
 1
.
The distributions over the various variables for nal leptons and photons from pro-
cesses (2) and (3) are presented on Fig.2 and 3. As we can see from Fig.2(c) and 2(d) the -




GeV and < p

T
>' 30 GeV). It is necessary to note, that the nal leptons and photons
have a good separation from each other (see Fig.3(d)). Thus, all the events of that kind




= 60 GeV. This is the
most characteristic feature of these events.
Hence, a pronounced topology of the investigated events will allow the background of
these events to be strongly suppressed and make their investigation in the CDF and D0
detectors quite a real problem.
CONCLUSIONS.




experiments set on the couplings of the hypothetical
(pseudo)scalar resonance R with photons and Z{bosons from the LEP low energy experi-
ments data, still oer an opportunity to investigate these events at FNAL hadron collider










pp!  R X !6E
T
 X
modes have the cross-sections of 0.05 { 0.08 pb (depending on experimental cuts) and




/year), supposed to be available
at Fermilab in the nearest future, will allow one to obtain a noticeable number of events




 and 40  events could be
observed under these experimental conditions.
The processes under study possess pronounced features, which make observation of
such events possible.
Thus, the FNAL hadron collider gives a good opportunity to check independently
the model based on the LEP data. All data, which will be obtained from CDF and D0
detectors may increase the constraints, received from the LEP data, and allow one to
draw a nal conclusion about the existence of that kind of resonance.
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Captions of gures.
Fig.1. The Feynman diagrams for the process qq ! l

l R (! ) are presented.
Fig.2. The dierential cross-sections of processes (2) and (3): a) { the invariance mass
dilepton distribution; b) { the transverse momentum distribution for resonance;
c) { the transverse momentum distribution of nal leptons; d) { the transverse
momentum distribution of nal photons.
Fig.3 The dierential cross-sections of processes (2) and (3): a) { the resonance rapidity
distribution; b) { the maximum rapidity distribution from the ones both nal lep-
tons; c) { the maximum rapidity distribution from the ones both nal photons; d)
{ the R distribution between leptons and photons, where R =
q
()
2
+ ()
2
.
